Abstract: Aim of the study: To determine the impact of maternal age, consanguinity, season of conception and variation in the amount of amniotic fluid for the appearance of anomalies associated with neural tube defects (NTDs). Materials and methods: 150 NTD fetuses, a result from autopsies (macroscopic autopsy; microscopic study of biopsy fragments; macro and microscopic brain examination), have been examined during a period of three years (01.2006, 01.2009), in the Clinic of Fetopathology, at the Center of Maternity and Neonatology -Tunisia. Results: Anomalies associated with NTDs occur three times more often in pregnancies with an abnormal amount of amniotic fluid. Also, their likelihood of cardiovascular and reproductive system anomalies is increased four times. Nearly 80% of the NTD fetuses conceived during the autumn-winter period have acrania. Women older than 35, are twice more likely to have underweight children and children with defects of the digestive system and hand. They are also three times more likely to have fetuses with endocrine system abnormalities. Anomalies incompatible with life occur twice as often in consanguineous unions. Conclusion: The mother's age, consanguinity, season of conception, and variation in the amount of amniotic fluid have considerable impact on the emergence of associated anomalies in fetuses with NTDs.
Introduction
World statistics show that neural tube defects (NTDs) rank foremost among congenital malformations. According to EUROCAT (European Surveillance of Congenital Anomalies), following an analysis of births in 22 European countries, neural tube defects are at a rate of 2.3 per 1,000 births for the period 2003-2007 [1] . Numerous studies on the subject have found that deficiency of folic acid and vitamin B12, intake of anticonvulsant and antipyretic drugs, maternal diabetes, hypertension and other factors could lead to defects in the closure of the neural tube [2] [3] [4] . Some of the more recent genetic studies show that many mothers who have given birth to a child suffering from a neural tube defect may be carriers of a mutation on the level of gene MTHFR [5] [6] [7] [8] . In another study, Martinez and Al Gazali emphasize the risk for birth to a child suffering from NTDs in mothers homozygous for the mutated gene C677T [9, 10] . Nonetheless, the precise role of the exogenous and endogenous maternal factors in the etiopathogenesis of neural tube defects (NTDs) and accompanying additional malformations remains unclear.
An overview of the NTD occurrence rates with accompanying information in the nations outside the European Union hint at some of the factors that could affect the occurrence of defects. Overall, the incidence of neural tube defects outside the European Union is much higher. To the east, in Turkey, according to Dogan H. (2005) and Onrat ST. (2009) the frequency of NTDs is close to four per one thousand births [11, 12] . The different regions of Iran show a varying incidence of NTDs (1.27 to 4.2 per 1,000 births), and consanguinity is found in about one third of the cases (29.5%). Neural tube defects in the country have been found to be more common in fetuses of multi-gravida women; especially ones that are over 35 years of age [13] [14] [15] . In northern Iran, the rate of NTDs is 4.89/1000 in newborns of mothers aged >35 years, where 28% of cases have been the result of consanguineous marriages. 12.8%, 9%, 3.8%, and 2.5% of these marriages had a degree of relatedness of 3, 4, 5 and 6, respectively. Demographically, the rate of anencephaly in three different ethnic groups was respectively 1.2, 1.6, and 0.7 in 1000 births with incest as a factor [14] . The incidence of NTDs in south-western Iran is 4.2 per 1000 births; NTDs in first pregnancy cases are at a frequency of 42.6% and 57.4% in cases of following pregnancies. NTDs detected in fetuses of mothers between 21 and 30 years of age represent 72.2%, where 31% are married couples with a consanguineous connection [16] .
In Al-Ramadi Maternity and Children's Hospital, western Iraq, neural tube defects have a 3.3/1000 rate among newborns, where in two-thirds of cases, intermarriage was reported as a factor [17] .
In retrospect, the birth rates of children with neural tube defects in northern Africa are much lower. In Algeria, the established NTD rate is 0.75 per 1000 births where, in 13% of the cases, incest was found [18] . The influence of the seasons of conception for the presence of NTDs has been the subject of numerous studies with varying results [19, 20] .
The purpose of this study was to investigate the impact of the factors: maternal age, consanguinity, season of conception and variation in the amount of amniotic fluid for the appearance of anomalies associated with neural tube defects (NTDs).
Accoring to the severity of the malformation, NTDs have been separated in two groups -compatible and not compatible with life. The only compatible with life NTD is spina bifida.
Methods
Monitored in this study are the anomalies associated with neural tube defects in 150 autopsies of fetuses from the whole county of Tunisia, carried out during a period of three years (01. 2006-01.2009 ) in the clinic of Fetopathology at the Center for Maternity and Neonatology -Tunis (Tunisia). The fetuses have been the result of interrupted pregnancies for medical reasons, intrauterine foetal death, spontaneous abortions and neonatal death. All examination has been performed after obtaining informed consent from the parents for autopsy, genetic testing and biopsy specimen collection.
The full range of data available for each case (fetus) has been combined in a personal file which includes: photographic documentation, X-rays, karyotypic study, foetal biometry, documentary information from the autopsy of fetuses obtained from visual macroscopic inspection (situs thoracis, situs abdominis, pelvic cavity and retroperitoneal compartment examination) and internal microscopic examination of the internal organs. The supporting documents for each case are documents of ultrasound, which have been taken from the medical records of the Clinic of Neonatology and Clinic of Obstetrics and Gynecology at the Center for Maternity and Neonatology -Tunis.
The cranial cavity and the brain were examined after fixation with formalin (an aqueous solution of 40% formaldehyde) for a period of one to six months for cases with malformations spina bifida, encephalocele and rachischisis. Each fetus's organs were weighed and fragments were taken for histological examination of the system from different parts of the brain and spinal cord, meninges, eyes, nerves, skin, thymus, heart, etc., as well as from any abnormalities found. For defects of the neural tube, fragments were taken from the places of transition to a healthy zone. The results of the autopsy were added to the files in three stages: the first stage -from macroscopic autopsy, the second -from microscopic results of biopsy fragments and the third stage -from the macro and microscopic brain examination.
The data has been statistically processed by variational, parametric (Pearson's χ 2 -chi-squared test), Fisher's Exact Test, and correlational analysis using the statistical program SPSS-V17.
Results
The structural distribution of the cases by type of NTD is shown in Table 1 . A karyotypic study was done on 21 of the fetuses (14.66%). Of these fetuses, 14 (63.3%) had a normal karyotype and 8 (36.37%) had pathologies: one karyotype of trisomy 13, two karyotypes of trisomy 21 and 5 karyotypes with a chromosomal aberration.
The average age of mothers in the study was 30.93 ± 0.67, with a minimum age of 21 years and a maximum age 43 years. A mother's age of over 35 years has significant impact on the emergence of endocrine abnormalities in fetuses with neural tube defects ( Figure 1 ).
The share of hypoplasia of the adrenal gland is 22 points higher in fetuses of mothers aged over 35 years. A higher maternal age poses a higher risk for digestive system anomalies and abnormalities of the hand -single transverse palmar crease, clinodactyly of the thumb and the fingers associated with NTDs. In addition, women over 35 have nearly twice as often underweight fetuses and fetuses with a decrease in intrauterine development.
One quarter of those surveyed reported consanguineous unions which is similar but a little less than the results of other authors [21] . From the research conducted in Algeria for a period of three years (2004) (2005) (2006) , it has been concluded that consanguinity is a factor in fetuses with NTDs in 13% of the cases (28/215 cases), which is twice less than our results [18] .
Consanguinity was a significant factor for the expression of facial dysmorphia, where, the presence is 23 points higher in consanguineus cases (Figure 2 ).
Around 40% of fetuses with associated anomalies of the hand -monkey groove, clino-, polydactyly, and syndactyly emanate from consanguineous unions, which show a trend of dependence between the parameters. In addition, the consanguinity factor demonstrates significant influence on the type of NTD, where abnormalities incompatible with living -craniorachischisis, anencephaly, exencephaly and encephalocele were twice as often manifested in consanguineous unions ( Table 2 ). The same dependence is found in the indicator -hypotelorism.
Changes in the amount of amniotic fluid demonstrated a significant influence on deviations of the distance between the eyes, where hypertelorism is three times more common in cases when there was a presence of oligoamnios or polyhydramnios ( Table 3) .
The same dependence is found in fetuses with the defect -macrocrania. Variations in the quantity of amniotic fluid has an impact on the occurrence of associated anomalies of the cardiovascular, digestive and reproductive systems in fetuses with NTDs ( Figure 3) .
Abnormalities of the respiratory system are 10 points more frequent as a result of the impact of the factor -abnormal amount of amniotic fluid. Almost all of the identified anomalies associated NTDs occur approximately three times more often in pregnancies with an abnormal amount of amniotic fluid, except in respiratory anomalies ( 
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Figure 2. Consanguinity and associated anomalies in fetuses with
NTDs. The season of conception is crucial for the emergence of abnormal head circumference ( Table 4 ). The presence of acrania is 56 points higher when conception was during the autumn-winter seasons, compared to conception during the warmer seasons. For the presence of macrocrania, this seasonal difference is nearly 40 points. It is worth noting, however, that the presence of microcrania is 33 points higher when conception was in the spring and summer, compared to the autumn and winter months. Telorism and urinary excretory pathways are significantly influenced by conception during the autumn-winter period (Table 4) (Figure 4) .
Indicators
The seasons significantly influence the occurrence of anomalies of the palate (Figure 4 ). Nearly 95% of the proven palate anomalies derived from pregnancies that were conceived during the autumn-winter period (Figure 4) .
Anomalies of the digestive system are about 13 points more common when conception was during the spring-summer period.
Discussion
An age of over 35 should be considered as a possible risk factor for the occurrence of NTDs incompatible with life and requires increased attention during pregnancy ( Table 2 ). The risk for mothers older than 35 to have a fetus with NTDs and abnormalities in the endocrine system is almost three times higher, compared to younger women. While the probability of abnormalities in the digestive system and a weight gain retardation, in fetuses of women older than 35, is increased approximately two-fold, respectively. The share of presence of the combined anomalies of the hand -single transverse palmar crease, clinodactyly of the thumb and clinodactyly of fingers with NTDs is also almost two times higher in fetuses of older women. In consanguineous unions, the chance of defects of the hand is about twice as high as well. In these cases, the likelihood of anomalies in the shape of the face and hypotelorism increases about three times. Similar are the results for associated limb anomalies in children with myelomeningocele that are from consanguineous marriages [22] . Hypertelorism, macrocrania, anomalies of the cardiovascular, reproductive, digestive and respiratory system are three times more often manifested in case of the factor -abnormal quantity of amniotic fluid. Also, an abnormal quantity of amniotic fluid increases the risk of manifestation of cardiovascular pathologies and defects of the reproductive system around four times. The results, of the dependencies between variation in the amount of amniotic fluid and the associated malformations found, most likely have pathophysiological and pathoanatomical genesisses which is related to impaired microcirculation and reabsorption of cerebrospinal fluids [23, 24] . Some authors have found that variations in the circumference of the head are usually the result ventriculomegaly due to an obstruction of the flow of cerebrospinal fluid.
The season of conception has a considerable impact on the occurrence of NTDs. Nearly 80% of the NTD fetuses conceived in the cold part of the year have acrania, while 70% have macrocrania. The risk for palate defects in NTD fetuses conceived during the autumn and winter seasons increased nine-fold. In addition, hypertelorism is three times more common and hypotelorism more than twice as common in these cases The presence of abnormalities of the digestive system is almost four times lower and abnormalities in the urinary excretory tract are almost three times more common, in cases when conception occurred during the autumn-winter period, as compared to NTD fetuses conceived during the warmer months. The studied dependencies show that the autumn-winter period of conception is more unfavourable as it poses a greater risk for the emergence of a number of anomalies. A possible reason for this vulnerability is less agreeable weather and unhealthy nutrition during this segment of the year.
Several authors have confirmed the teratologic influence of consumption of unsuitable and improperly stored food during the autumn-winter on fetuses with NTD. Additional studies are needed on the influence of these factors in order to find a relationship between them and the defects in the morphogenesis.
From the study results, we conclude that the mother's age, consanguinity, season of conception and variation in the amount of amniotic fluid are etiopathogenetic factors determining the emergence of several anomalies in the surveyed fetuses with NTDs.
